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Abstract Ecological characters of the yellow species of Rhizocarpon (YSR) 
supports the application of lichenometry to the study of not only ground-
surface chronology but also chrono-sequential changes in an extent of a snow 
patch. The tendency of reducing snow patch area in the last century has been 
revealed in Mt. Hotaka-dake, the Japanese Alps. At least the following three 
minor enlargement periods, however, are discerned in the history of reducing 
snow patches in the last several  decades  ; the Period I (about 70 years ago), the 
Period II (about 50 years ago), and the Period III (about 35 years ago). Accord-
ing to meteorological observation, Period III is almost consistent with a period 
of snowy climate. On the other hand, reliability is not so high for Periods I and 
II, because of no meteolorogical records and of possibility of changing growth 
rate of YSR corresponding to changing snow patch extent.
Key  words  : lichenometry, Rhizocarpon species, snow patch, the last century, 
         the Japanese Alps
 1 Introduction
   Lichenometry provides a relative dating method applicable to gravelly deposits of 
active landforms in such as polar and alpine regions where  sufficient materials for 
radiocarbon dating or tephrochronology are lacking (Benedict,  1967  ;  Andre, 1986). It 
has provided a chronological data of moraines which give us the record of glacial 
advance and  subsequent retreat during the Little Ice Age. Retreats of many mountain 
glaciers during the 20th century have been  reported, in the alpine regions of the world 
(Grove, 1988). The conception of warm climate after the Little Ice Age is now widely 
accepted in Japan (Maejima,  1984  ; Mikami, 1992), however little has been known 
about those days' environment of the Japanese alpine regions. 
   Benedict (1967) indicates the environmental factors affecting the growth of 
Rhizocarpon geographicum as  follows  : (1) rock type, (2) exposure to abrasion, (3)
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shading, (4) temperature, (5) moisture, (6) stability of substrate, and (7) length of 
growing season. Stability of substrate is considered as the most important factor 
controlling the lichen growth on active landforms. For this reason lichenometry is 
applied to chronology of the gravelly deposits. Moraine formation as a result of 
glacial retreat, in particular, provides not only stabilization of substrate but also 
relatively warm and dry conditions which take a favorable turn in the environmental 
factors of temperature and moisture, and allows the lichen invasion and growth. 
Thus lichenometry is applicable to relative choronology of the deposits. 
   Based on ecological characters of lichen, lichenometry seems to be applied to not 
only land-formation but also other environmental changes which restrict the lichen 
growth. Haeberli et al. (1979) elucidate that "a regular snow-cover duration which is 
longer than 46 weeks per year for Lecidea  promiscens and 40 weeks for Rhizocarpon 
geographicum may lead to the extinction of the lichen thalli", and that "extinction may 
also be due to the movement of boulders". The cause of the extinction is considered 
the movement of substrate, the deterioration of temperature and moisture conditions 
for lichen, and reduction of length of growing season which will be controlled by snow-
cover. If the assumption as above is true, lichenometry may be applicable to the 
estimation of changes in a snow-cover extent in the case that the restricting cause for 
the lichen growth can be specified as changes of environmental factors related with 
snow-cover. 
   This paper aims at revealing areal changes of snow patches during the recent 
several decades at Karasawa cirque in Mt. Hotaka-dake, the Japanese Alps, using a 
lichenometric method based on the ecological character of the yellow species of 
Rhizocarpon (Photo 1). The availability of this method in comparison with meteoro-
logical records will be discussed. 
   The yellow species of Rhizocarpon including Rhizocarpon geographicum are a good 
indicator in lichenometry because of its low growth rate, almost proportional to time. 
Because close identification is not made yet, this paper uses the expression of "the 
yellow species of  Rhizocarpon", abbreviated as YSR, to the lichens investigated.
2 The study area 
   Mt. Hotakadake, excavated with Karasawa cirque on its eastern slope, is located 
in the south of the Northern Japanese Alps (Fig. 1). Karasawa cirque which is about 
2,300 m a.s.l. at the bottom was formed in the Last Glacial Stage in association with 
moraines  (Iozawa,  1962  ; Ito and Vorndran, 1983) (Photo 2). The following minor 
geomorphological units are observed in the  cirque  ; cliffs and several types of talus 
slopes formed in the Holocene and moraine in the Last Glacial Stage. In the ablation 
season, a snow patch retreats toward the central parts of the cirque bottom and cliff
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Photo 1 The yellowspecieso 
 Iwafune ;  OctoberfRhizocarpoi/ (YSR) on rocky substrate (Photo byNI                18th, 1992)
Photo 2 Karasawa perennial snow patch at the cirque bottom 
   located on the left side of this picture. (Photo by M Iwafune
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Photo 3 Peaks and rock walls along  Kita-one (a ridge) studded with snow patches The 
   studied snow patch is an upper one at a foot of Peak 5 with a gentle summit located 
   on the center of this picture (Photo by  M.Iwafune  ; September 26th, 1992)
Photo  4  : The studied snow 
   October  Ilth, 1991)
patch at the foot of a rock wall, (Photo by M Iwafune  ,
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foots of surrounding talus slopes, and is finally divided into several perennial snow 
patches (Fig. 2). A snow patch with a certain extent, which appears on a different 
date from year to year, seems to show almost the same shape, because terrestrial 
forms under the snow patch change little during several decades. 
   Considering the environmental factors affecting the growth of  Rhizocarpon  geogra-
phicum (Benedict, 1967), the study site is selected on a rock cliff with a small perennial 
snow patch at a foot of the north face of Peak 5 on Kita-one ridge (Fig. 2). The rock 
cliff with sparse joints at intervals of more than 50 cm seems to be rather stable. 
Thick weathering rinds on the rock surface of the cliff, although details are not 
reported, indicate no debris production from this site during the late Holocene. 
Geologically, the cliff at the study site is composed of the Maehotakadake Welded Tuff 
(Harayama, 1990). 
   Because the present study site is a steady rock cliff with the same direction and 
geology, environmental factors as rock type, exposure to abrasion, shading and 
stability of substrate do not need to be investigeted. Remaining factors, that is 
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3 The method of lichenometry 
   In order to make clear a vertical change of the snow patch extent, vertical 
distribution of YSR in two  belt-transects on the rock cliff was traced above the present 
perennial snow patch (Photos 3 and 4). Two belt transects, A and B groups of several 
squares (1 m by 1 m), respectively, are arranged vertically and continuously at two 
sites on the cliff above the same patch (Fig. 2). The size of YSR is represented by the 
maximum diameter of circular or nearly circular thallus (Benedict,  1967  , Sekine, 
1985). All individuals' maximum diameters were measured and recorded in millimeter 
each on October 11th, 1991. An error of the measured diameter seems to be in the 
range of less than 2 mm. Considering this error range, 3-millimeter moving average 
is adopted in the counting of the number of YSR individuals with the same diameter 
for tracing the pattern of the size distribution of YSR in each square.
4 Vertical distribution of the yellow species of Rhizocarpon on the cliff above the 
  snow patch 
   Figures 3 (A-group,transect) and 4 (B-group,transect) show that 3-millimeter 
moving average of the numbers of YSR individuals with each size and the total 
numbers of individuals in each square. Table  1 summarizes the remarkable trend of 
YSR distribution indicated by these figures. They represent the following trend of 
distribution. 
   YSR does not occur on the rock cliff below the heights of 5 m and 11 m above the 
cliff  foots in A-group and B-group, respectively, except for 3-thalli in B-group. The 
size of the largest in each square increases step by step upwards from the snow patch. 
However, the size-frequency distribution of YSR shows obvious peaks at about 5 mm 
and 13 mm and obvious dips at about 10 mm, 15 mm and 20 mm in upper squares. 
Individuals of 5 mm across are the most frequent, and the number of individuals 
smaller than 5 mm obviously decrease in all squares (Figs. 3, 4).
5 Historical change of the snow patch extent indicated by lichenometry 
   A boundary between the area occupied by YSR habitats and the area without YSR 
habitats is observed on the cliff, and surrounds the perennial snow patch (Fig. 5). The 
boundary is generally considered as a collateral indicator of the snow patch extent at 
a certain time corresponding to the end of the snow-cover duration which allows the 
YSR growth, because the above mentioned environmental factors for YSR growth on 
the cliff are chiefly controlled by snow-cover duration. The boundary thus indicates 
a front line of YSR habitat to a snow patch. In this paper "a front line of YSR habitat" 
to a snow patch is abbreviated as FLH.
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 Fig.  3 The numbers of individuals of the yellow species of  Rhizocarpon (YSR) per 
   diameter and the total numbers per height on the rock cliff above a snow patch (A-
   group squares,transect) 
   Curves in the right diagrams from A6 to Al2 are 3 mm moving average of sized 
   number of YSR. 
   A short dashed line shows a boundary (FLH) between YSR habitat and no YSR 
   habitat. 
   The data are measured on October 11th, 1991.
Application of Lichenometry to the Changing Snow Patch Extent 25







8-  9  m
7- 8 m
6- 7 m









the largest, dips and (no individuals)
10 mm, 19 mm, 26 mm, 31 mm,  (38-41 mm), (46-47 mm), (58-61 mm), 64 mm
10 mm, 15 mm, 20 mm, 31 mm, (40-45 mm), 49 mm
10 mm, 15 mm, (21-22 mm),  (28-41 mm) 44 mm,
15 mm, 26 mm,
10 mm, 15 mm, 21 mm,
10 mm, 13 mm,










the largest, dips and (no individuals)
10 mm, 18 mm, (24-27 mm), (32-61 mm), 64 mm
24 mm
10 mm, 17 mm
   Based on the assumption that the lichen growth is restricted by snow-cover 
duration in the study site, dips and gaps in the distribution of YSR individuals are 
considered to indicate former insufficient conditions for the lichen growth, and the size 
of the largest individual to indicate how many years have passed since the time when 
the condition was improved to allow the lichen growth there. Furthermore, the 
largest individual in each square also signifies that YSR did not have existed on the 
square before the time of the largest one occurrence, and that FLH had existed in an 
upper position than the square at that time. Because of increase in size of the largest 
one in the squares step by step upwards on the transects upper than the snow patch, 
the former FLH is considered to have been located between squares with the different 
largest ones. The former FLH thus indicates the former trend of the snow patch 
extent at a certain time corresponding to the end of the snow-cover duration which 
allows the YSR growth. 
   Insufficient conditions for the YSR growth are indicated by concordant decrease 
in the number of individuals less than about 5mm and dips at about 10 mm, 15 mm and 
20 mm in the size-frequency distribution of A and B groups (Table 1). The following 
four periods are discernible in order of age. Period  I  : when YSR individuals about 20 
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   sized number of the YSR. 
   A short dashed  line shows a boundary between the area with YSR habitat and that 
   without YSR habitat. 
   The data are measured on October 11th, 1991.
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Fig. 5 Illustration with relationship between a perennial snow patch and YSR habitats on 
   a rock cliff 
   A boundary between the area occupied by YSR habitats and the area without YSR 
   habitats is not observed on a talus slope but on a rock cliff. This boundary is 
   considered as a front line of YSR habitat (FLH) to a perennial snow patch (PSP).
about 10 mm occurred, and Period  IV  : those since the occurrence of individuals less 
than 5 mm. Figure 6 illustrates the relationship between the extent of the perennial 
snow patch and the location of FLH in each Period except  PeriOd IV. 
   <Period I> The largest size of individual is 21 mm across in A8 square, and 26 mm 
in A9. This means that FLH in Period I was located 3 m above the present one, 
between A8 and A9. Furthermore, the existing of dips at 20  mm+1 mm in the upper 
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Illustration showing relationship between snow patch extent and FLH
those days. It is likely that this distribution trend of YSR indicates the decrease of the 
YSR habitat area and the  insufficient condition in the habitat around the snow patch 
due to the increase of the extent of the perennial snow patch . If the upper shift of 
FLH is regarded as an indicator of the enlargement of the perennial snow patch extent , 
it is estimated that those days' perennial snow patch was deeper than about 3 m and 
more extensive than the present one. In the same way , the fact that the size of the
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largest individual increases step by step upwards in the squares upper than A8 seems 
to indicate the extent of former snow patches, which are estimated to have been 
thicker than several meter and more extensive than that in Period I. But available 
data is still insufficient to discuss the snow patch expansion in older days. 
   <Period II> FLH in Period II is estimated to have been located 2 m above the 
present one, since the largest size of an individual is less than 15 mm across in the A6 
and A7 squares located immediately above the present one. And existing of dips at 
about 15 mm in the size-frequency distribution indicates an insufficient condition for 
the YSR growth in the upper squares. Thus a snow patch in Period II is judged to 
have been deeper than about 2 m and more extensive than the present one. 
   <Period III> Insufficient condition for the YSR growth prevailed in Period III, 
which is indicated by existing of dips at about 10 mm across in the upper squares above 
the present  FLH. Because the upper shift of FLH is not recognized, the increase in 
the snow-cover duration in the period seems to have been not longer than that in 
Periods I and II. It may have been temporal. 
   <Period IV> Insufficient condition have prevailed at Period IV as indicated by 
decrease in numbers of individuals less than 5mm in every squares above the present 
FLH. 
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Fig. 7 The growth curve of YSR (Sekine, 1985) 
   Roman numerals indicate the enlargement periods of snow patches.  I  : the Period I, 
 II  : the Period II,  III  : the Period III,  IV  : the Period IV.
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times, intervened with four periods of enlargement. Based on the general growth 
curve of YSR in Japan (Sekine,  1985  ; Fig. 7), the relative ages of the Periods are 
estimated as follows. Period I is about 70 years ago, Period II is about 50 years ago, 
Period III is about 35 years ago, and Period IV begins about 20 years ago and continues 
to the present. The starting time of the reduction trend of the snow patch extent is 
not demonstrated definitely, because of insufficient data to discuss the snow patch 
expansion in Period I before.
6 Reliability of relative ages by lichenometry 
   A record of snow depth obtained at Kamikochi by Meteorological Agency is 
referred for comparison with the relative ages indicated by lichenometry  (Fig.  8). 
Kamikochi, which is about 1,500 m a.s.l. and located at about 7 km south of the study 
area, is the nearest meteorological station to the study area (Fig. 1). The trend of 
change in snow depth at Karasawa cirque seems to be almost consistant with that at 
Kamikochi, because the trend of change in snow depth by the record at Kamikochi 
accords with the one given by eyewitness evidences at Karasawa cirque during the last 
century. 
   Figure 8 shows that the change in snow depth is relatively constant in the last two 
decades corresponding to Period IV. The size of Karasawa perennial snow patch at 
the cirque bottom did not increase from 1968 to 1976 (Kusida et  al., 1979).  Further-
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Fig. 8 The snow depth at Kamikochi from 1936 to 1990 
   The observation site moved in 1968 and 1975.
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more many climbers didn't observe enlargement of snow patches in the cirque in the 
last two decades. Thus the enlargement of snow patch extent did not exist in Period 
IV. The decreasing trend of the YSR distribution in individuals less than 5 mm in 
each square is also observed near a mountain ridge which has a short snow-cover 
duration. It will be reported in a forthcoming paper by the author. The trend of the 
distribution is considered to be controlled by other causes except that influenced by 
snow-cover, or may express a characteristic of an initial growth of YSR. It is an 
unsettled question. 
   In the time 1950-1965 which seems to correspond to Period III, deeper snow than 
that in the decades before and after the years was  recorded". This is an evidence in 
favour of the minor enlargement of the snow patch extent in Period III. According to 
Mr. Gin-ichi Kobayashi, an owner of the Karasawa  Hate, the first half of the 1960s is 
characterized by the later remaining snow and the earlier first snowfall in a year than 
ones after the years in Karasawa cirque. The Snowy trend of Period III about 35 
years ago expected by lichenometric dating is thus reliable. 
   In the time 1936-1945 which seems to correspond almost to Period II, shallower 
snow was recorded. This paper does not have any eyewitness evidences of the trend 
of the change in snow depth in this time. It is thus uncertain that the snow patch 
extent enlarged in Period II as indicated by lichenometry, or not. The real age of 
Period II, however, may become older than the relative age estimated by lichenometry. 
The reasons for this is lower growth rate of YSR near a snow patch than the expected 
one from the growth curve drawn by the data, which were measured at places distant 
from snow patches. A YSR above FLH in Period III experienced  insufficient condi-
tions for their growth when the snow patch extent was enlarged. In that time growth 
rate of the YSR immediately above FLH might be thus low, because their habitats 
were in nearly insufficient conditions. 
   Real age of Period I may also become older than the relative age, because YSR 
which indicates Period I suffered from insufficient condition for growth at Periods II 
and III. This paper, however, does not discuss the reliability of the relative age of 
Period I. The reason is lacking of meteolorogical records corresponding to Period I, 
which is estimated by lichenometric dating as old as about 70 years, about 15 years 
 before the start of observation at Kamikochi.
7 Conclusion 
   Considering the ecological characters of YSR, this paper assumes that li-
chenometry is applicable to the study of chrono-sequential changes of snow patch 
extent and depth in the last several decades. 
   The study site is selected on the rock cliff above a perennial snow patch, where
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environmental factors affecting the YSR growth are chiefly controlled by the snow-
cover duration. Based on the size-frequency distribution of YSR in each squares 
arranged vertically and continuously, chrono-sequential change of the snow patch was 
reconstructed as follows. 
   The snow patch has reduced its extent to the present one with at least the 
following three intervening minor enlargement periods in the 20th century . Period I is 
in a time about 70 years ago, Period II is about 50 years ago and Period III is about 35 
years ago. The existence of Period III is supported by the record of snow depth near 
the study area. Exact time of Period II is older than a time indicated by lichenometry , 
because the growth rate of YSR located out of FLH in Period III is lower than the 
expected one using the growth curve for insufficient growth conditions in Period III . 
The existence of Period I is uncertain, because of no observation data corresponding 
to Period I and of lower growth rate of YSR in Periods II and III. 
   Although the snow patch investigated is one of them in Karasawa cirque , the trend 
of the changes of the snow patch seems to be applied to others . The reason for this 
is that recent many snow patches have changed their shapes almost similarly in recent 
ages, although the same shape appeared at different date by year . In order to 
ascertain the true trend of the changes of snow patches at Karasawa cirque , it is 
needed to inquire further investigation into distribution of YSR on the other cliffs 
above snow patches. 
   Furthermore, ecological studies of YSR is also needed to complement the applica-
tion of lichenometry to the change of snow patch extent. If ecological studies will 
develop, for example, on growth rate corresponding to the environmental change such 
as different snow-cover, initial growth and reproductive process in different environ-
mental conditions and so on, the lichenometrical study will become more accurate and 
reliable.
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                               Note 
1) The location of meteorological station moved about 2 km from the side of Taisho-ike (a 
  pond) to near Kimura-goya (a mountain cottage) in 1969. Deeper snow at 1950-1965 than 
  that in the decades after the year may be possible to be caused by the change of location .
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